Th e infl uence of diff erent levels of extruded full-fat soybean (EFFSB) in the diet on growth performance, apparent ileal amino acids digestibility (AIAAD), intestinal morphology, and trypsin activity in digesta of broilers was determined. In the fi rst experiment, two-hundred sixty ROSS 308 male chickens were used to investigate the eff ect of EFFSB on growth performance, intestinal morphology, and trypsin activity in the digesta and AIAAD. Five dietary treatments were used, containing 0, 40, 80, 120, and 160 g/kg of EFFSB. Th e experiment lasted from day 10 till day 38 of age. Th e inclusion of EFFSB at the level of 160 g/kg in the diet signifi cantly (P < 0.05) decreased fi nal body weight (2443 g in 0 group vs. 2093 in 160 group) and worsened feed effi ciency. AIAAD was lower when diet contained more than 40 g/kg EFFSB. But at the level of 160 g/kg AIAAD increased in several amino acids (threonine, isoleucine, leucine, histidine). Trypsin activity increased with increasing EFFSB in the diets. Th ere were no signifi cant (P > 0.05) diff erences in AIAAD between groups 80, 120, and 160. Villus height (groups 0: 966.2; 4: 852.1; 8: 792.6; 12: 836.3; 16: 926.7 μm) and crypt depth (groups 0: 160.1; 4: 134.8; 8: 122.9; 12: 129.5; 16: 134.6 μm) of ileum decreased with inclusion of EFFSB in the diet, but villi/crypt ratio increased. In the second experiment, male chickens ROSS 308 were divided into 4 groups with 2 replicates per 100 chicks each. Th e groups were fed 0, 40, 80, and 120 g/kg of EFFSB. Th e experiment lasted from day 10 till day 38 of age. Final body weight (2594 g in 0 group vs. 2624 g in 120 group) was not signifi cantly (P > 0.05) aff ected by the diet. Th e study showed that EFFSB at the level of 120 g/kg in grower broiler diet had no adverse eff ect on performance.
Soybean products are the most important sources of protein and energy in livestock feeds for many animals. Soybeans have a good amino acids profile, with a high content of lysine, tryptophan, isoleucine, valine, and threonine (Larbier and Leclercq, 1994) . In addition, soybeans contain 180-220 g/kg of good quality oil mainly with a high proportion of linoleic acid (Waldroup, 1982) . Soybeans are used mainly as a source of oil for human consumption but thanks to breeding there are more resistant varieties, which can be grown in colder climatic conditions. In general, full-fat soybeans are not only a good source of protein but also of energy and therefore they can replace soybean meal (SBM) in swine and poultry diets with similar anticipated performance. However raw soybeans contain a number of antinutritional factors.
Protease inhibitor and lectin are two main factors in the soybeans which affect the broiler performance (Michele et al., 1999) . Other antinutritional factors are antivitamins, saponins, tanins, non-starch oligosaccharides and polysaccharides, and phytate (Dourado et al., 2011) . These antinutrition factors depress the food intake, growth performers, and digestibility of nutrients (Liener, 1994; Perilla et al., 1997; Palacios et al., 2004; Valencia et. al., 2009 ). The growth depression, observed when trypsin inhibitors (TI) are ingested, may be a combined effect of endogenous loss of essential amino acids and decreased intestinal proteolysis (Clarke and Wiseman, 2007) . The TI and urease activity (UA) are correlated to body weight and feed conversion ratio (Ruiz et al., 2004) .
One way how to eliminate the antinutritional factors and improve nutritional value of raw soybeans is heating treatment (Qin et al., 1996; Machado et al., 2008) . Extrusion as a form of heating treatment inactivates TI and denatures it as native proteins (Perilla et al., 1997) . Extrusion temperature has not a significant effect on weight gain, feed : gain ratio or mortality rate in broilers, but extrusion of soybeans at 140°C improves feed intake if compared to that at lower temperatures (Lesson and Atteh, 1996) . Levels of TI decreased (P < 0.05) with increasing processing temperature (Fasina et al., 2003) . To ensure destruction of the anti-nutritional factors, the exit temperature of the soybeans should exceed 138°C (Lusas et al., 1989) . Chymotrypsin inhibitor activity in soybeans is more readily abolished by heat-treatment than trypsin inhibitor activity and lectin activity is relatively heat-resistant (Armour et al., 1998) . Kunitz-free and lectin-free soybeans cannot be fed successfully to young chicks and pigs without heating, because they still contain sufficiently high levels of antinutritional factors to greatly depress growth at very young ages (Batal and Parsons, 2003; Palacios et al., 2004) .
The effect of extruded soybeans on production performance was previously studied in layer hens (Latshaw and Clayton, 1976) , turkeys (Moran et al., 1973) , and chicks (Wood et al., 1971; Subuh et al., 2002) . These studies show that feeding of extruded soybeans could partially replace SBM without any adverse effect on production performance. Many studies (Leeson and Atteh, 1996; Perilla et al., 1997; Clarke and Weisman, 2007) are oriented on the effect of extrusion condition saying that temperature and pressure have positive effect on destruction of TI and subsequently on growth performance and nutrient digestibility. Apparent N digestibility increased when moist extrusion was used (Friesen et al., 1993) . The aim of the study was to evaluate the effect of various contents of extruded full fat soybeans (EFFSB) in broilers diets on growth performance, apparent ileal amino acids digestibility, intestinal histometric characteristics, and trypsin activity in digesta.
MATERIAL AND METHODS

Experiment 1
Birds management and diets. In total 260 male chickens ROSS 308 were housed in two-floor cages. Housing was provided according to technology guide for ROSS 308 chickens. Photoperiod was 23 h light : 1 h dark and followed a continuous schedule with lighting intensities of 30 lx on days 0-7 of age, 10 lx on days 7-22 of age, and 3 lx on days 22-38 of age. On days 1-10 of age chickens were fed a commercial diet. At ten days of age chickens were weighed and divided into five groups with the same average weight. Broilers were fed diets with different contents of SBM, EFFSB, and soybean oil. Soybeans were moist extruded by device MILTENS at temperatures from 130 to 135°C. Thirteen chickens were kept in each cage and four cages were used for each treatment. Chickens were divided into a group fed a control diet based on SBM (0 g/kg EFFSB) and groups fed 40, 80, 120, and 160 g/kg of EFFSB, respectively. The composition of the diets is shown in Table 1 . The content of TI in the SBM and EFFSB, expressed as amount of trypsin inhibited per g of sample, was 6.7 mg and 8.4 mg for SBM and EFFSB, respectively. The diets were formulated to have similar energy (12 MJ AMEn/kg) and protein (200 g/kg CP) contents. Feed and water were available ad libitum. All birds were weighed individually from the start to the end of the experiment in regular one week period. Feed consumed per each cage was recorded; the dead chickens were weighed to calculate feed efficiency.
Amino acids and fat digestibility. This experiment was conducted to determine the ileal amino acids digestibility of diets with increasing content of EFFSB. At day 38 the birds were killed by decapitation and were dissected in order to obtain the digesta content of ileum (last one-third section between Meckel's diverticulum and 4 cm from ileocecal junction). Digesta collected from each bird was stored at -30°C (one sample -5 chickens, 6 replicates per treatment). Samples were lyophilized, ground, and analyzed for amino acids, dry matter, and insoluble ash in 4 mol/l HCl, which was used as an indicator. The 0.5 g samples of the feed and ileal digesta were treated by HCl oxidative acid hydrolysis (c = 6 mol/l). The chromatographic analysis of the hydrolyzate samples was performed using the AAA 400 analyzer (Ingos, Prague, Czech Republic) using Na-citrate buffers and ninhydrin detection to find out the amounts of certain amino acids. The content of fat in the diets and excreta was determined according to Soxhlet. Apparent ileal amino acids digestibility (fat digestibility) was calculated using the following formula:
where: AIAAD = apparent ileal amino acid digestibility (%) I d = content of indicator in the diet (g/kg DM) AA dc = content of amino acids in the digesta (g/kg DM) I dc = content of indicator in the digesta (g/kg DM) AA d = content of amino acids in the diet (g/kg DM)
The effect of feeding EFFSB on AIAAD for each amino acid was expressed by polynomial function:
Trypsin activity in the digesta. Digesta from small intestine, which was gently pushed from part of one third between duodenum and the Meckel's diverticulum, was used for determination of trypsin activity. Samples of digesta were diluted 10×, based on the sample weight, with ice-cold PBS (pH 7.0), and homogenized in the refrigerator for 10 min. Then the samples were centrifuged at 1500 g at 4°C for 10 min. The supernatant was transferred into Eppendorf tubes (Eppendorf, Hamburg, Germany) and stored at −30°C for enzyme assays.
Trypsin activity was analyzed using the method of constant time. N-α-benzoyl-dl-arginine-pnitroaniline (BAPNA) diluted with 50mM Tris-HCl was used as substrate. One ml of substrate was incubated at 37°C for 5 min. Then 0.1 ml of were weighed and those with the highest and lowest weight were selected and not used in the experiment. So only eight pens (800 chickens) were used for the observation and there were no significant differences in live body weight among the pens at the beginning of the experiment. Birds were divided into four groups; two pens with 100 chickens per treatment. Chickens were fed diets containing 0, 40, 80, and 120 g/kg of EFFSB, respectively. Composition of the feed mixtures is shown in Table 1 . They were the same as in Experiment 1 and the same feed ingredients were used. The diets were formulated to have similar energy (12 MJ AMEn/kg) and protein (200 g/kg CP) contents. Feed and water were available ad libitum. All birds were weighed individually from the start to the end of the study in regular one-week periods. Feed consumption per pen was recorded and dead chickens were weighed to calculate feed conversion ratio.
Statistical analysis
Data obtained from these experiments were analyzed using the Single-Factor Analysis of Variance. Data of live weight, trypsin activity, and intestinal morphology were followed by Scheffé's test. For ileal amino acid and fat digestibility the Kruskal-Wallis analyses followed by LSD test were performed. Software package UNISTAT (Version 5.1, 2007) was used. supernatant (digesta samples) was added and the solution was incubated for 10 min. The reaction was stopped by adding 1 ml of acetic acid. Trypsin activity was measured by absorbance at 405 nm. One unit of trypsin activity was defined as 1 mmol of BAPNA hydrolyzed per minute at 37°C and pH 8.2 in the presence of 10 mmol of CaCl 2 /l.
Morphometric light microscopy. For morphometric analysis, the small intestine was quickly removed after killing the birds. A 4-cm segment 4 cm from Meckel's diverticulum was removed and rinsed with saline. Segments were fixed in 10% neutral buffered formalin solution. The crosssections of each small intestinal sample were processed in low-melt paraffin, sectioned at 9 μm thickness, mounted on glass slides, and stained with hematoxylin-eosin.
Villus height (VH) and crypt depth (CD) were measured using the ANALYSIS program, and VH : CD ratios (VCR) were calculated. From each segment the best situated villi and associated crypts were measured.
Experiment 2
Birds management and diets. The total of nine hundred 1-day-old male broiler chickens ROSS 308 were divided into nine pens with wood shavings. Housing and feed management were the same as in Experiment 1. At ten days of age all chickens 
RESULTS
Growth and feed conversion ratio
Weights of the males at the beginning and at the end of the Experiment 1 and Experiment 2 and values of feed conversion ratios (FCR) are shown in Table 2 . In both experiments there was no significant difference among the groups at the beginning of feeding EFFSB. A significant difference (P < 0.05) was found in chickens' final body weight between 0 group (2443 g) and 160 group (2093 g) in the first experiment. Other groups have reached approximately the same final body weight. A significant difference (P < 0.05) between groups 0 and 160 was registered also as concerns FCR (0 group -1.69 kg/kg while 160 group -1.90 kg/kg).
In the second experiment, there was also no significant (P > 0.05) difference between all groups fed by addition of 40, 80, and 120 g/kg of EFFSB. FCR was almost the same in all groups.
Amino acids digestibility and trypsin activity
Coefficients of apparent ileal amino acids digestibility are shown in Table 3 and their polynomial function in Table 4 . The AIAAD decreased with increasing level of EFFSB in the diets. Only in methionine there was no significant effect of EFFSB on AIAAD. There were significantly (P < 0.05) lower AIAAD in groups 80 and 120 in comparison with groups 0 and 40 for threonine (Thr), isoleucine (Ile), leucine (Leu), phenylalanine (Phe), histidine (His), and arginine (Arg).
There was no observed significant (P > 0.05) difference in AIAAD between the groups 80, 120, and 160 for all amino acids. In Lys, Thr, and Phe no significant differences in their digestibility between groups 0 and 160 were registered. The higher digestibility in group 160 than in groups 40, 80, and 120 was probably caused by higher weight of pancreas in these chickens and, consequently, by significantly (P < 0.05) higher trypsin activity (Table 5 ). On the other hand, the live weight of chickens in the group 160 was the lowest. The fat digestibility slightly decreased with the increasing level of EFFSB. A significant difference (P < 0.05) was observed only between groups 0 and 40 in comparison with group 120. 
Small intestinal morphology
Inclusion of full-fat soybeans to the diets for broilers had an effect on villus height and crypt depth. Group 0 without full-fat soybeans had significantly (P < 0.05) longer villi and crypt depth than groups 40, 80, and 120. However, the more EFFSB in the diet, the longer villi were found. Group 160 had similar villi height as 0 group. Villus height and crypt depth ratio increased with increasing level of EFFSB in the diets and there was a significant (P < 0.05) difference between 0 group and group 40 compared to group 160. Villus height, crypt depth, and villus/crypt ratio are shown in Table 6 .
DISCUSSION
In these experiments increasing levels of EFFSB which slightly elevated TI activity in feed had no significant (P > 0.05) negative effect on both growth performance and FCR up to 120 g/kg of EFFSB. Despite the fact that Ruitz et al. (2004) reported that the TI and UA are significantly (P < 0.05) correlated to body weight and feed conversion ratio. The negative effect of TI probably depends on the TI range in the diet and up to a certain level of TI the negative effect does not occur. The level of 4 mg/g TI activity is assumed to have a minimum adverse effect on birds although the basis for such recommendation is questionable (Clarke and Wiseman, 2007) . Inclusion of extruded full fat soybeans in a pelleted broiler diet made the chicks performance equal or superior to that of dehulled solvent extracted SBM, and extruded soybeans could partially or completely replace SBM without any adverse effects on body weight, feed conversion, and mortality provided the diets are nutritionally balanced (Subuh et al., 2002) .
Heat treatment can reduce the incidence of antinutritional factors. Extrusion significantly improved feed conversion ratio and apparent ileal digestibility of CP and non-starch polysaccharides (Marsman et al., 1997) . Extrusion of soybeans at 140°C improved the feed intake in comparison with extrusion at lower temperatures. However, there were no significant (P > 0.05) effects of the extrusion temperature on weight gain, feed : gain ratio or mortality rate (Lesson and Atteh, 1996) .
The metabolizable energy (ME) and feed conversion efficiency of birds fed diets with the full-fat seed were worse than in birds fed the meal plus oil diets (Lee et al., 1991) . This indicates poorer availability of energy when oil in diets is bound to cells, thus growth performance can be lower than if oil is added to diets. In this study significantly lower (P > 0.05) fat digestibility was found in group that was fed 120 g/kg EFFSB in comparison with groups containing 0 and 40 g/kg EFFSB. In our study the AA digestibility was higher in diets containing SBM and 40 g/kg EFFSB than in diets containing 80, 120, and 160 g/kg EFFSB. This result is in compliance with Piao et al. (2000) who reported decreasing AA digestibility in diets containing a higher level of EFFSB compared to that of SBM in piglets. Higher digestibility of amino acids can consequently affect the growth as de Coca-Sinova et al. (2010) reported. Amino acids digestibility from SBM or EFFSB can affect a lot of factors.
Wide variability between coefficients of digestibility for individual amino acids depends on the origin of the samples (Clarke and Wiseman, 2007; de Coca-Sinova et al., 2008) . However correlation with TI levels indicating that other factors also affect amino acid digestibility of FFSB and SBM has not been found. This hypothesis is also indicated by Batal and Parsons (2003) . In our study the replacement of SBM by EFFSB significantly (P < 0.05) decreased AIAAD when the level of EFFSB was higher than 40 g/kg. But this effect was not linear and we can confirm no correlation between TI levels and AIAAD.
Heat treatment can also affect the digestibility of AA. Positive effect of extrusion on amino acid digestibility observed Ruitz et al. (2004) . As temperature increased during wet extrusion, the digestible amino acid coefficients increased, indicating the gradual destruction of TI and other antinutritional factors that may affect amino acid absorption (Michele et al., 1999) .
Trypsin and its activity play a very important role in amino acids digestibility. Pancreatic enzyme secretion is subjected to feedback inhibition from intestinal trypsin and chymotrypsin, and TI stimulates pancreatic enzyme secretion indirectly, by binding or neutralizing trypsin and thereby removing its feedback inhibition (Green and Lyman, 1972) .
It was found that removal of bile-pancreatic juice from the intestine resulted in a large increase in pancreatic enzyme secretion. Infusion of trypsin or chymotrypsin as well as bile-pancreatic juice suppressed the secretion of pancreatic enzymes. When trypsin was present in the intestine, a large pancreatic enzyme response was obtained by infusion of trypsin inhibitors. A similar increase in pancreatic enzyme output was evoked when trypsin infusion was stopped. Cholecystokinin (CCK) as a gut hormone is an important endogenous secretagogue in exocrine pancreatic secretion. CCK also stimulates gallbladder contraction and enhances growth of the exocrine pancreas. Soybean agglutinin stimulates CCK release by opening l-type Ca 2+ channels in cultured rabbit jejunal cells (Wang and Cui, 2007) .
Long-term exposure to a soybean diet induced an extensive increase in the relative and absolute weights of the pancreas and caused an increase in the incidence of macroscopic pancreatic nodules and possibly pancreatic neoplasia (Grant et al., 1995) . Pancreas weight increases with increasing inclusion of both raw and Kunitz trypsin inhibitor SB, suggesting that TI is causing the depression in performance (Perez-Maldonado et al., 2003) . Minimum pancreas weight was observed when chickens were fed FFSB extruded at 140°C (Perilla et al., 1997) . In this study, weight of pancreas and its share in BW significantly (P < 0.05) increased after inclusion EFFSB at the level of 120 and 160 g/kg. And trypsin activity was consequently significantly (P < 0.05) higher in group 160 in comparison with group 0. Qiao et al. (2003) suggest that moist extruded fullfat soybeans in pigs decreased crypt depth in their duodenum and cecum (P < 0.01) in comparison with SBM, while the villus height in the mid jejunum and ileum and the total height (villus height plus crypt depth) of the ileum and mid jejunum increased (P < 0.05). Recent advances in our understanding the energetic costs of absorption suggest that biochemical as well as structural changes in the intestinal function have decreased absorptive function and efficiency in both chickens and turkeys (Croom et al., 1999) . A shortening of the villus reflects villus atrophy and a decrease in surface area for nutrient absorption. The crypt can be regarded as the villus factory, and a large crypt indicates fast tissue turnover and a high demand for new tissue (Ma and Guo, 2008) . But in the group with the highest content of EFFSB the villi had almost the same length as in 0 group. This indicates that the area for nutrients absorption was sufficient and the trypsin activity was the highest (P < 0.05), too. Probably there are other factors affecting the growth performance.
The inclusion of 120 g/kg EFFSB in the diet for broilers had no negative effects on the growth intensity, on the other hand feed conversion ratio was slightly impaired when more than 40 g/kg of EFFSB was used. This can be due to significantly (P < 0.05) shorter villi in groups with EFFSB and consequently smaller area for nutrient absorption. AIAAD (except methionine) were significantly (P < 0.05) lower at inclusion of EFFSB at the level higher than 40 g/kg. But the trypsin activity was not negatively affected by EFFSB.
